Herpes simplex virus type 2 (HSV-2) resistance to antiviral drugs has been described primarily in immunocompromised patients. We report an apparently immunocompetent, human immunodeficiency virus-negative male patient who has experienced repeated HSV-2 genital outbreaks despite receiving antiviral prophylaxis with several different drugs. Several of the HSV-2 genital isolates from this patient have been confirmed as resistant to acyclovir and penciclovir. Antiviral resistance occurred in the setting of long-term prednisone treatment and intermittent acyclovir prophylaxis at suboptimal doses and persisted despite the cessation of oral steroid treatment. The patient's genital herpes outbreaks were not controlled by high-dose prophylaxis with acyclovir, valacyclovir, and famciclovir. Cessation of antiviral prophylaxis resulted in reversion of this patient's HSV-2 isolates to acyclovir and penciclovir sensitivity, although resistant virus reappeared when antiviral prophylaxis was resumed. Transmission of a sensitive HSV-2 strain from this patient to a female sex partner was observed. These observations confirm previous reports that resistance to acyclovir may develop during prophylactic therapy in an otherwise well, immunocompetent patient. These findings support the conclusion that both drug-sensitive and drug-resistant HSV-2 strains established latency in this patient and that both strains are capable of frequent reactivation.
valacyclovir are orally bioavailable prodrugs that are metabolized to penciclovir (PCV) and ACV, respectively. Daily antiviral prophylaxis in patients with frequent or severe symptoms effectively prevents genital herpes outbreaks, decreasing the frequency of lesions by 80%-95% [5] . Disadvantages of daily prophylaxis for genital herpes include the expense and inconvenience of taking a medication once or twice daily.
Most ACV-resistant HSV-2 isolates lack expression or function of the thymidine kinase (tk) gene. ACV resistance may be due to a tk deletion, an alteration in tk, or a mutation in the viral DNA polymerase [6] . tkdeficient or -altered ACV-resistant viral isolates usually retain susceptibility to foscarnet and cidofovir, antivirals that do not require the activity of this enzyme for their activity. ACV-resistant HSV-2 in immunocompetent patients is rare, even in those who have received continuous antiviral prophylaxis for years [7, 8] . Despite the relatively widespread use of nucleoside antivirals in patients with genital herpes, to date, HSV-2 resistance has not emerged as a common concern for health care providers treating this condition [4] . Multiple previous reports have described clinically significant HSV resistance to ACV and PCV in immu-nocompromised patients, including those with AIDS, organ transplantation, and cancer [9] [10] [11] [12] [13] [14] . In contrast to discrete genital herpes recurrences in immunocompetent persons, immunocompromised patients usually experience continuous, ongoing outbreaks of HSV-2 that do not clear until effective drug therapy is provided or the immunocompromised state resolves. Kost et al. described a young homosexual man with frequently recurrent genital herpes due to a tk-altered HSV-2 strain [15] . Mouly et al. followed by describing an otherwise well, married, 64-year-old woman with a similar condition but without any risk factors for sexually transmitted diseases [16] . Finally, the patient described by Swetter et al. had a 15-month history of nonhealing vulvar ulcerations due to tk-deficient HSV-2, a distinctly different clinical appearance from that of the other 2 patients, who had clearing between genital herpes outbreaks [17] .
We describe here an otherwise well, immunocompetent patient with recurrent genital herpes outbreaks caused by an HSV-2 strain that became highly resistant to ACV and PCV. Evidence for latency of both drug-sensitive and drug-resistant HSV-2 strains in this patient is presented.
MATERIALS AND METHODS
Specimens and viral cultures. Genital specimens were collected by swabbing the lesions with a Dacron swab moistened in MEM (Gibco) supplemented with penicillin, streptomycin, glutamine, and 2%-8% fetal calf serum (Hyclone). Isolation of HSV-2 was performed by placing the specimens on monolayers of mink lung cells and observing them for characteristic cytopathic effects [18] .
Genotypic analysis. Viral DNA was isolated from Vero cells infected at high MOI with plaque-purified isolates from the index patient and his partner. The tk gene was amplified by polymerase chain reaction (PCR) in a DNA thermal cycler (Eppendorf), using primers flanking the gene that were designed to include either the EcoRI or HindIII restriction site (highlighted in bold): HSV2tkPCR1, 5 -CGGCAAGCTTCCGT-GTTTGAACTAAACTCC-3 ; and HSV2tkPCR2, 5 -CGAATTC-TTGTAGAAGCGGGTATGGCTTC-3 . Amplification conditions included denaturation for 5 min at 98ЊC, 30 cycles of denaturation at 98ЊC for 45 s, annealing at 55ЊC for 45 s, and extension at 72ЊC for 2 min, followed by extension at 72ЊC for 10 min. PCR products were purified by electrophoretic separation on a 1% agarose gel; the fragment was excised and purified by use of a Qiagen spin column and then digested with EcoRI and HindIII for orientation-specific ligation into the plasmid vector pGEM-7Zf(+). Ligation reactions were transformed into competent DH5a cells (Stratagene). Plasmid DNA from tk subclones was obtained by a standard alkaline lysis miniprep procedure and purified using Qiagen miniprep spin columns. The purified DNA and primers were sent to Lone Star Laboratories (Houston, TX) for sequence analysis. Primers used for the sequence analysis were as follows: T72970, 5 -CCAGTGA-ATT GTAATACGACTCAC-3 ; SP6147R, 5 -CCAAGCTATTT-AGGTGACA CTATAG-3 ; HSV2TK-47647R, 5 -GTAATGACC-AGCGCCCAGATAAC-3 ; and HSV2TK-47076, 5 -CAGGCAA-AAATGTGGTACAAGTCC-3 . Viral DNA obtained from the partner was amplified using the forward primer 5 -GTTGAAC-TCCCGCACCTCT-3 and the reverse primer 5 -GTTCTTTTA-TTGCCGTCATCG-3 . Amplification conditions were the same as those described above, but the PCR buffer was supplemented with 4% dimethyl sulfoxide. PCR products were sequenced directly with the amplification primers, as well as with 5 -TACCT-CATGGGAAGCATGAC-3 and 5 -GAAGGACACCCAGGAC-CAG-3 . Restriction profiles were obtained for viral genomic DNA isolated from the supernatant of tissue cultures. The virions were disrupted in Tris-EDTA supplemented with 1% SDS and 20 mL of 10 mg/mL proteinase K. DNA was purified by sequential extraction with phenol and chloroform and precipitated in ethanol. Restriction enzymes BamHI and HindIII were used to digest the DNA, and the fragments were separated on an agarose gel.
RESULTS

Case report.
A 35-year-old man began to experience genital herpes outbreaks in 1992, on the shaft of the penis. These outbreaks were often preceded by prodromal pain at the site of the impending lesions and were usually accompanied by pain radiating into the buttocks. Episodic and then prophylactic ACV was prescribed during this period, with relatively good control of the outbreaks. In 1994, the patient developed persistent pruritis on his extremities. The pruritis was treated with oral prednisone, topical corticosteroids, and doxepin. In 1996, he developed biopsy-confirmed urticaria on his abdomen, back, and penis. The urticaria improved with prednisone treatment (30 mg daily) and recurred when the prednisone treatment was stopped. In 1997, a flare of urticaria was temporally related to the use of ACV. Daily doses of prednisone (2-20 mg) successfully controlled the chronic urticaria. Genital herpes outbreaks were suppressed during this period with valacyclovir treatment (500 mg once daily).
In March 1998, the patient was referred to the Infectious Diseases Clinic at the University of Utah for suspected ACV allergy and frequent genital herpes outbreaks. The patient was experiencing monthly genital herpes outbreaks with a prodrome of testicular and leg pain followed by visible pustules on the shaft of the penis. The use of ACV and valacyclovir was temporally associated with worsening urticaria, so the patient began taking famciclovir (250 mg once or twice daily) to suppress the herpes outbreaks. Nevertheless, at least 1 outbreak occurred during famciclovir prophylaxis. Prednisone treatment had been discontinued. The patient had no risk factors for HIV infection, and the results of several HIV ELISAs were negative, most recently in December 2000. Total lymphocyte, CD4 lymphocyte, and CD8 lymphocyte counts at that time were also normal. Results of other blood tests, including complete blood counts, hepatitis serologic tests, hepatitis C PCR, and chemistry panels were negative or normal. Noncompliance or drug-resistant genital herpes were suspected, and famciclovir (250 mg twice daily) was prescribed, with close follow-up arranged. A few months after the initial referral, the patient experienced another apparent genital herpes outbreak during famciclovir prophylaxis. A small lesion on the left shaft of the penis was cultured but was negative. Noncompliance with antiviral prophylaxis was suspected, and twice-daily famciclovir was continued. Another visible outbreak occurred 2 months later, and, this time, HSV-2 was isolated in tissue culture. Antiviral susceptibility testing was not performed at that time, and famciclovir was continued. In November 1998, HSV-2 resistant to penciclovir and marginally sensitive to ACV was isolated (table 1) . Famciclovir was stopped, and prophylaxis with high-dose valacyclovir (1000 mg twice daily) was initiated. The patient had several herpes outbreaks during the next few months, complaining that the episodes were coming approximately every 2 weeks.
ACV-and penciclovir-resistant HSV-2 was isolated twice in 1999 and twice again in 2000. Relatively frequent outbreaks continued during this period while the patient was taking prophylactic antivirals. Daily antiviral prophylaxis was discontinued. Topical imiquimod was applied 3 times weekly at the site of the outbreaks, but this appeared to have no effect on the frequency of recurrences. Topical foscarnet was also prescribed in an attempt to limit the duration of the genital herpes outbreaks. However, the topical foscarnet did not have any noticeable effect on the duration, severity, or frequency of the outbreaks in this patient.
Several subsequent genital HSV-2 isolates showed a regained susceptibility to ACV, so high-dose valacyclovir prophylaxis was restarted. The outbreaks continued. Recurrent drug-resistant genital herpes was suspected, supported by the finding of an HSV-2 genital isolate that was, again, ACV resistant. Genital herpes episodes continue to occur every 1-2 months. Antiviral prophylaxis has been permanently discontinued. The patient remains otherwise well.
Transmission to a sex partner. During the past 4 years, the index patient has had several sex partners. One of these already had genital herpes. To our knowledge, the others did not develop symptoms consistent with genital herpes, until 1 partner acquired primary genital herpes in late 2001. This apparent transmission was documented by seroconversion as assessed by gG-based HSV-2 serologic testing and by isolation of HSV-2 from her vulva during the primary infection. Genomic DNA from virus isolates "Index 3/00" and "Partner 6/02" was isolated, and restrictionsite polymorphisms were examined for these strains (figure 1). Restriction enzyme profiles for both BamHI and HindIII digests were indistinguishable between these strains, suggesting that they are closely related, and are consistent with the apparent transmission between these 2 individuals. This woman denies having had any sexual contacts other than the index patient described above. Her HSV-2 isolate was tested and found to be susceptible to all of the antivirals tested (table 1) . She describes frequent genital herpes recurrences which, so far, are effectively treated with antiviral medications.
Molecular analysis. To determine whether a mutation within the HSV-2 tk coding region was present in the 2 ACVresistant isolates, the tk genes from several isolates were PCR amplified and subcloned into the plasmid vector pGEM-7Zf(+). Purified plasmid DNA was sent to Lone Star Laboratories for sequence analysis. As shown in table 2, both of the index patient's ACV-resistant isolates contain a C nucleotide insertion at nt 556, resulting in a frameshift at aa 186. A truncated protein of 228 aa is predicted by such a frameshift. This insertion occurred in 1 of 2 homopolymer stretches within the tk coding sequence, previously identified as mutational hotspots within the tk gene [19] . Two ACV-sensitive isolates from the index patient and the single ACV-sensitive isolate from his partner had tk sequences that were identical to the wild-type reference strain except for the single-nucleotide polymorphisms (SNPs) G116A and A232G. Since these 2 SNPs are relatively common in human tk isolates, their presence supports but does not prove transmission of HSV-2 between the index patient and his partner. (tk) mutations identified in herpes simplex virus type 2 (HSV-2) isolates from the index patient and his partner. NOTE. EC 50 , 50% effective concentration. a Plaque purified HSV-2 isolates were retested to confirm the susceptibility of the isolate before proceeding with sequencing. b Nucleotide and amino acid changes are in comparison with strain HG52 (GenBank accession no. Z86099). A plus sign (+) indicates an insertion following the nucleotide, and "FS" indicates a frameshift following the amino acid.
DISCUSSION
We have described here an immunocompetent, HIV-negative patient who has experienced frequent ACV-and penciclovirresistant HSV-2 genital outbreaks. This antiviral resistance occurred in the setting of long-term prednisone treatment and intermittent ACV prophylaxis at suboptimal doses. The drugresistant and drug-sensitive HSV-2 outbreaks had similar frequencies and appearance. Cessation of antiviral prophylaxis resulted in reversion of this patient's HSV-2 isolates to ACV sensitivity. Resuming antiviral prophylaxis caused immediate recurrence of the ACV-resistant HSV-2 phenotype. Transmission of a sensitive HSV-2 strain from this patient to a female partner occurred during a period when the index patient was not taking antiviral prophylaxis. These observations demonstrate that an HSV-2 strain that is highly resistant to ACV and penciclovir may develop during prophylactic therapy in an otherwise well, relatively immunocompetent patient. Antiviral resistance developed during a period of prednisone use and, in retrospect, suboptimal suppressive doses of antivirals. The use of prednisone probably created a transient immunocompromised state that allowed the emergence of drug-resistant HSV-2. However, the drug-resistant HSV-2 phenotype persisted in this patient long after the prednisone treatment was stopped. Typical genital herpes outbreaks continued to occur despite daily prophylaxis with relatively high doses of valacyclovir and famciclovir. There is little doubt that the patient took his medications during this period, because the cessation of antiviral prophylaxis resulted in reversion of HSV-2 to its previous drug-sensitive phenotype. When antiviral prophylaxis was resumed, drug resistance reappeared rapidly, suggesting that the ACV-resistant HSV-2 strain had previously established latency in the sacral ganglia and was capable of frequent reactivation. These findings are similar to those described by Kost et al., in which recurrent ACV-resistant HSV-2 infections were due to a tk-altered-not a tk-deletedstrain [15] .
This insertion occurred in 1 of 2 homopolymer stretches within the tk coding sequence, previously identified as mutational hotspots within the tk gene [19, 20] . Isolate "89-353-1," described by Sasadeusz et al. [19] , appears to be identical to our index patient's drug-resistant isolates, with a C insertion at nt 555/556 resulting in a truncated protein of 29 kDa, rather than the normal 40 kDa. The "89-353-1" isolate in the article by Kost et al. [15] came from a patient with AIDS, whereas those in the present study came from an immunocompetent person, albeit one exposed to steroids in the past. These isolates were all apparently capable of reactivating from latency to cause disease. Recently, 2 more ACV-resistant HSV-2 isolates selected in vitro were also found to have this identical mutation [21] .
After several years of observation, our index patient did transmit HSV-2 to a female sexual contact. At the time of this transmission, the index patient had discontinued daily antiviral prophylaxis and, fortunately, an ACV-sensitive HSV-2 strain was transmitted. So far, we have not observed the emergence of ACV-resistant HSV-2 in this woman. Our plan was to be cautious and treat outbreaks of HSV-2 with standard 3-5 day courses of valacyclovir in this woman, avoiding daily prophylactic therapy, if possible. However, frequent recurrences eventually forced the institution of daily ACV prophylaxis, so far without the emergence of obvious antiviral resistance. This suggests that the partner was infected only with the wild-type, drug-sensitive strain.
There has been considerable discussion about whether to make ACV available over the counter, without a prescription, in the United States. If ACV were to become more readily available, many persons might treat or prevent outbreaks of their genital herpes with suboptimal doses of the drug. Fear of the emergence of drug-resistant HSV-2 in the immunocompetent population, in part, led the Food and Drug Administration to deny the request for over-the-counter status for ACV in 1998 [22] . The present article brings the total number of published cases of recurrent ACV-resistant HSV-2 genital infection in immunocompetent patients to 3-very few, considering the relatively widespread use of ACV and related antivirals. Concomitant use of steroids (prednisone in our index patient) was associated with the emergence of drug-resistant HSV-2 in the otherwise immunocompetent patient described here and in the patient described in the case report by Swetter et al. [17] . Steroid use is probably common enough in the general population to allow emergence of at least a few drugresistant HSV-2 strains if ACV were to become available without a prescription. However, it is unlikely that drug-resistant HSV-2 strains would expand throughout the population, unless regular daily antiviral prophylaxis became much more widespread. These observations point to the need to control HSV-2 infections in the population through vaccination and other novel approaches.
